A Cohort Study on the Association between Psychotropics and Hip Fracture in Korean Elderly Women
To test the hypothesis that the intake of psychotropics may increase the risk of hip fracture, a cohort study was conducted upon elderly Korean women. The Korean Elderly Pharmacoepidemiology Cohort was constructed from members of the Korea Medical Insurance Corporation over 65 yr of age who were living in Busan Metropolitan City in 1993. Study participants (n=6,043) were female respondents to a self-administered question survey. Information on the intake of psychotropics was obtained from the drug prescription database, which contained all psychotropic prescriptions during any hospital admission over the twoyear period between January 1, 1993 and December 31, 1994. The cohort follow-up has been conducted with information on hip fracture being collected from the Korea Medical Insurance Corporation medical treatment claims database over the four year period between January 1, 1993 and December 31, 1996. Three hundred and three subjects had received 745 psychotropics prescriptions and 56 cases of hip fracture were found. After adjusting for age, body mass index, and drinking history, it was found that the intake of psychotropics significantly increased the risk of hip fracture (adjusted odds ratio, 4.24; 95% confidence interval, 1.89-9.52). This study suggests that the intake of psychotropics might be an important risk factor for hip fracture in elderly Korean women.
vey, which was used to identify potential confounders, was 8,994, and accounted for 38% of the KEPEC. Among them, the 6,043 female responders became the study population.
Exposure to psychotropics was defined as any psychotropic prescription during any hospital admission between January 1, 1993 and December 31, 1994, which was on the drug prescription (DP) database of the KMIC. The first day of prescription was selected as the starting day of exposure to psychotropics. Because of the lack in Korea of a database that includes information on drug prescription, the DP database was constructed directly by ourselves from the prescription claims data that were submitted to the KMIC by the medical care institutions for reimbursement. The names of the psychotropics, daily amounts, and prescription period were also secured from the DP database.
To evaluate the cumulative effects of multiple prescriptions of psychotropics, the Total Standard Exposure Index (TSEI) was created. TSEI was defined as the sum of the individual drug exposure indices, which were calculated by summing individually the total amount of each psychotropic prescribed on a daily basis (according to the kind of psychotropics prescribed during hospital admission), and dividing these by the corresponding recommended daily dose of each drug (Table 2, 6). With the TSEI median value being 5, the study population was classified into 3 categories based on their TSEIs, namely, 1) zero, 2) less than 5, 3) 5 or more.
Potential cases of hip fracture were selected on the basis of diagnostic codes in KMIC' s medical treatment claims (MTC) database, which were sent from medical care institutions whenever a beneficiary received any treatment. If an inpatient had a diagnostic code of 820 on ICD-9 or S72 on ICD-10 between January 1, 1993 and December 31, 1996, we regarded her as a potential hip fracture case. A hospital survey was then performed to confirm the diagnosis by reviewing the medical records of the potential cases.
The date of hip fracture was defined as the date of admission. The duration of observation was calculated from either January 1, 1993 or the date of becoming a KMIC beneficiary, whichever came last, until either the date of the hip fracture, the loss of beneficiaries or the end of the observation period (December 31, 1996), whichever came first.
Information on potential confounders was obtained by self-administered questionnaires. Five age groups were defined for the analysis: 1) 65-69 yr, 2) 70-74 yr, 3) 75-79 yr, 4) 80-84 yr, and 5) 85 yr or older. Body mass index was calculated as weight (kg) divided by height (m) 2 , and the subjects were divided into two categories at a cut-off point of 24.0 kg/m 2 . Alcohol and smoking status were classified into three strata based on: 1) never drank/smoked, 2) quit drinking/smoking, and 3) current drinker/smoker. Finally, all subjects were asked whether they had endocrine, cardiovascular, or musculoskeletal diseases.
Incidence density per 100,000 person-years was calculated by dividing the number of hip fracture cases by followup person-years and the 95% confidence interval was estimated using approximate Wald confidence limits (23) . Survival analysis, by the Cox proportional hazards model, was used to identify potential confounders by calculating the relative risks and their 95% confidence intervals. The adjusted relative risk of psychotropics prescription on hip fracture was assessed, after adjustment for the effect of confounders, using the Cox proportional hazards model. Statistical analysis was performed using SAS release 6.12 (24) . The population attributable risk percent (PAR %) was calculated using the adjusted relative risk and the prevalence of exposure (25) . 
RESULTS
A total of 6,043 female KEPEC members responded to the survey questionnaire. The age distribution of the subjects was similar to that of non-respondents in KEPEC (Table 1) , and to that of Korean elderly people in 1995 (Fig. 3) , which indicated that the age distribution of the study participants was very similar to that of the Korean population.
Three hundred and three subjects had received 745 psychotropics prescriptions during hospital admissions, over a two-year period, 1993-1994 (Table 2) . Antianxiety drugs were the most frequently prescribed psychotropics, and accounted for 79.3% of the total prescriptions. Fifty-six incident cases of hip fracture were reported and confirmed from medical records over the four-year period between January 1, 1993 and December 31, 1996. Table 3 presented the incidence rates of hip fracture by age group. The incidence rate of hip fracture showed a significant increasing trend with age. Table 4 displayed the crude relative risk (RR) of the potential risk factors for hip fracture, as estimated by the Cox proportional hazards model. Age, body mass index, and drinking history all exhibited a statistically significant association, with elder and more slender women being at increased risk for hip fracture. The association with age was especially significant (chi-square for trend=12.82; p<0.05). The group, which had quit drinking, was at a higher risk than the no-drinking group, but the habit of alcohol consumption did not show a significant association. The crude RR for psychotropic intake was 3.82 at a 95% confidence interval of 1.72-8.49.
The results of multivariate analysis for psychotropic intake were adjusted for age, body mass index, and drinking history (Table 5 ). This adjustment showed that women receiving psychotropics were at a 4.24-fold increased relative risk (95% CI, 1.89-9.52), and that women with a TSEI of less than 5 had an adjusted RR value of 5.77 (95% CI, 2.05-16.2), as compared with women with a TSEI of zero (Table 6 ).
DISCUSSION
In this study, the prescription of psychotropics was found to be an important risk factor for hip fracture in Korean elderly women, after adjusting the results for age, body mass index, and drinking history. The adjusted RR was 4.24, which suggests a stronger association than that previously reported by Ray et al. (12) (13) (14) and by Cumming and Klineberg (26) . These reports dealt with exposure to specific drugs including various types of psychotropics. Our result is compatible with that of Lichtenstein et al. (27) , who found that the odds ratio for both the presence of confusion and psychotropic drug use was 5.07 (95% CI, 2.16-11.92). The population attributable risk percentage (25) of psychotropic prescription in terms of hip fracture is 13.9%, which suggests that the prescription of psychotropics for elderly women in Korea should be carefully managed.
At the time of this study, Koreans could buy many medicines, but not psychotropics, at any drugstore without a doctor' s prescription. Thus, the prescriptions of psychotropics in hospitals probably approximately represent the real drug intake status. This situation does much to validate the study design, which relied heavily upon KMIC' s MTC database, for the supply of all information about psychotropic type, dosage, and prescription period, as well as details of associated medical services.
Fractures due to high-energy trauma were excluded. A hospital survey was undertaken to confirm the final diagnosis of the potential hip fracture cases, because the MTC database contains secondary data only. The primary physician' s prescription and medical care services received at the outpatient clinics could not be confirmed by hospital survey because only psychotropics prescribed during hospital admission were defined as exposure. Therefore, the result of this study might contain a dilution effect in terms of the amount of psychotropics received. Therefore, given that these results may in fact be an underestimation, they should be regarded as representing the minimum level of relative risk of hip fracture due to psychotropics among elderly Korean women.
The study subjects were restricted to female responders because there were only 11 incident cases of hip fracture during the 2-yr follow-up period among the male responders to the questionnaire survey. The female study participants demonstrated the comparatively low level of psychotropics exposure of only 5%, a level that prevented separate analysis of psychotropics by therapeutic class. These findings indicate that further confirmatory studies are needed.
A new index, TSEI, was developed in order to evaluate the dose-response relationship. However, the under 5 TSEI group exhibited a higher adjusted RR than the 5 or above TSEI group, thus producing an inverse J-pattern outcome. This result could have been caused by 'confounding by indication' (28), as doctors probably would have modified the dosage of psychotropics to patients susceptible to hip fracture. An alternative explanation may be that TSEI was developed for this present study and the validation of its usefulness may require further study.
Some methodological problems may have influenced the validity of our results. Firstly, our data on psychotropics were limited to the information regarding prescription during hospital stays and some of the subjects in the unexposed group could have taken psychotropics at outpatient clinics, with a consequent underestimation of the psychotropic effects. Secondly, the response rate of the questionnaire survey was 39.7 percent among the KEPEC members. As shown in Table 1 and Fig. 3 , the similar age distribution of the subjects to both the non-respondents and the general Korean population suggests that this low response rate might not decrease the validity of this paper. Thirdly, information on confounders was obtained from self-administered questionnaires. According to the questionnaire reliability and validity study by Park et al. (29) , high reliability could be expected in terms of smoking, alcohol consumption, and anthropometrically related items. Fourthly, among the variables obtained by the questionnaire survey, the history of estrogen replacement as a known protective factor of hip fracture was not adjusted for as a confounder because it was considered that the subjects had only a rare chance of having had lifelong exposure to estrogen.
